The quantitative analysis of nucleic acids is very important because it can be used as a reference for measurements of other components in biological fluids and genetic diagnosis. Up to now, various analytical methods have been developed for the determination of nucleic acids, such as fluorometry, 1,2 chemiluminescence, 3 and electrochemistry. 4 Recently, fluorescent probes including organic dyes, such as yellow orange dyes, 5, 6 metal ions, such as Tb(III), 7 and a metal complex 8 are frequently employed to investigate nucleic acids.
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Rayleigh scattering is a light-scattering phenomenon where electromagnetic radiation and a material interact with each other and generate elastic collisions.
Based on macroscopic fluctuation theory, the intensity of scattered Rayleigh light is in proportion to λ0 -4 , 9 since the light scattering of molecular particles is 20-fold smaller than the wavelength of the incident beam. If the wavelength of the incident beam is close to that of the absorption band of the molecular particles, Rayleigh scattering will deviate from the ordinary law, and the intensity of some wavelengths will rapidly increase. This phenomenon is called resonance light scattering (RLS). 10 In 1993, Pasternack et al. 11 first used this technique to study an assembly phenomenon of dyes on nucleic acids. After that, more studies on the quantitative determination of macromolecules, including nucleic acids, [12] [13] [14] proteins, 15, 16 trace amounts of inorganic ions, 17, 18 by RLS have been published.
Recently, silver nanoparticles have attracted significant attention because of their unusual optical and electronic properties and their potential applications. [19] [20] [21] [22] One aspect of these fantastic researches is focused on the phenomena of aggregation. [22] [23] [24] For example, Faulds et al. used surfaceenhanced resonance Raman scattering in a comparison of unaggregated and aggregated nanoparticles. 25 A Langmuir isotherm was applied to analyze the laser-induced fluorescence from solutions containing nano-Ag. 26 Nabika et al. 27 investigated the enhancing and quenching functions of nano-Ag on the luminescent properties of an europium complex, in which the effects of particles upon aggregation were considered.
In this paper, the RLS of nano-Ag-Tb(III)-nucleic acids system is reported for the first time. The results show that with a common spectrofluorometer and inexpensive reagents, nucleic acids can be detected by this method with satisfactory results.
Experimental

Apparatus
A transmission electron microscopy (TEM) image of the nano-Ag was acquired using a Hitachi H-600 (Japan) transmission electron microscope. The RLS spectrum and the intensity of RLS were measured with a Hitachi 850 spectrofluorometer (Japan).
All absorption spectra were recorded with a Cintra 10e UV-Vis spectrophotometer (GBC). A 420A plus pH meter (Orion Research Inc.) was used to measure the pH of the solutions.
Reagents
Stock solutions of nucleic acids (100 µg ml -1 ) were prepared by dissolving purchased fish sperm DNA (fsDNA), calf thymus DNA (ctDNA) or yeast RNA (yRNA) (Sigma) in water. These stocks were stored at 0 -4˚C. The concentrations of nucleic acids, where necessary, were calculated according to the absorbance at 260 nm by using the molar extinction coefficients, εDNA (6600 l mol -1 cm -1 ) and εRNA (7800 l mol -1 cm -1 ), after establishing that the absorbance ratio, A260/A280, was 1.8 for DNA and 2.0 for RNA, respectively. A standard stock solution of the Tb(III) ion (0.01 mol l -1 ) was prepared by dissolving 934.5 mg of Tb4O7 in 15 ml of HCl (12 mol l -1 ) at 100˚C, and evaporating the solution to be almost dry; it was then diluted to 500 ml with doubly distilled water. The nano-Ag-terbium(III)-nucleic acids system was observed by a resonance light scattering (RLS) technique for the first time, and the quantitative analysis of nucleic acids at nanogram levels was established. Studies showed that the RLS intensity of the nano-Ag-terbium(III) system can be obviously enhanced by nucleic acid, which was characterized by the RLS spectrum and the UV-Vis spectrum. In this system, the nanoparticles were only of a definite size and in a limited particle concentration region. Further research indicated that under the optimum conditions, the enhanced intensity of RLS is in proportion to the concentration of nucleic acids in the ranges of 7.0 × 10 -9 g ml -1 to 8.0 × 10 -6 g ml -1 for calf thymus DNA (ctDNA), 2.0 × 10 -8 g ml -1 to 1.0 × 10 -6 g ml -1 for fish sperm DNA (fsDNA) and 1.0 × 10 -9 g ml -1 to 1.0 × 10 -7 g ml -1 for yeast RNA (yRNA). The detection limits were 1.4 ng ml -1 for ctDNA, 1.2 ng ml -1 for fsDNA and 0.85 ng ml -1 for yRNA, respectively. Synthetic and real samples were determined satisfactorily.
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A sodium citrate-HCl buffer solution was used to control the acidity. A 0.1 mol l -1 sodium citrate solution was prepared by dissolving 12.91 g of sodium citrate in water in a 500 ml volumetric flask and adjusting the pH to 6.4 with 0.1 mol l -1 HCl.
All reagents were of analytical reagents grade without further purification. Doubly distilled water was used throughout.
Preparation of nanoparticles
The preparation of the silver colloids followed the same procedure as originally proposed by Lee et al. 28 Firstly, 1.8 mg of AgNO3 was added to 100 ml of deionized water with heating. After heating to 100˚C, a 2.0 ml aqueous solution of sodium citrate with 1% concentration was added with stirring. About 60 min later, when the solution became straw yellow, heating was stopped; the solution was then cooled and diluted to 100 ml with deionized water. A concentration of 1.0 × 10 -4 mol l -1 colloidal solution was obtained. It was calculated in terms of the silver atoms. A transmission electron microscopy image is shown in Fig. 1 . The particles were almost spherical with a mean diameter of 38 nm and the nano-Ag had an absorption maximum at 420 nm.
Samples
According to the interferences of the coexisting substances, synthetic samples containing DNA were prepared by mixing standard DNA solutions with foreign substances by keeping their concentrations below the tolerance level. A real sample of yRNA was prepared by following the literature. 29 
Procedures
To a 10 ml test tube, 1.0 ml of a 0.1 mol l -1 sodium citrate-HCl buffer solution, 0.1 ml of a 0.01 mol l -1 Tb(III) solution, an appropriate working solution or sample solution of nucleic acids, followed by 1.0 ml of 1.0 × 10 -4 mol l -1 of nanoAg, were added. This mixture was diluted to 10 ml with water and mixed thoroughly. All of the absorbance and RLS measurements were made against parallel blank solutions treated in the same way without DNA.
The RLS spectrum was obtained by scanning simultaneously the excitation and emission monochromator of the RF-850 spectrofluorometer (namely ∆λ = 0) in the range of 320 -620 nm. The RLS intensity was measured at the maximum wavelength of λ = 427 nm in a 1 cm quartz cell with 5.0 nm excitation and emission slit-widths.
The enhanced RLS intensity of the nano-Ag-Tb(III) system by nucleic acids was represented as ∆IRLS = IRLS -I 0 RLS; here, IRLS and I 0 RLS are the intensities of the system with and without nucleic acids.
Results and Discussion
Resonance light scattering and absorption spectra Figure 2 shows the resonance light scattering spectra of the system. It can be seen that not only the separate ctDNA has very weak RLS signals, but also the mixture of Tb(III) ion and ctDNA. In addition, the solution of nano-Ag had a strong RLS intensity; but, when Tb(III) ion was added to the nanoparticles solution, the intensity fell in the range of 320 -620 nm, because the nanoparticles prepared by this method were positively charged on the surface. 30 In the presence of Tb(III) ion, it may be more dispersive in the system by virtue of the repulsion between them, resulting in a decreasing intensity of RLS. However, the enhanced RLS intensity of the nano-Ag-Tb(III) system with nucleic acids can be obviously observed. Because this maximum RLS enhancement at 427 nm is in proportion to the concentration of nucleic acids over a definite range, in this paper, 427 nm was selected for further study.
UV-Vis absorption spectra of the system (Fig. 3) were recorded. It can be found that for isolated ctDNA, the characteristic absorption peak is at 261 nm. Meanwhile, it is well known that the separate nano-Ag has the maximum absorption at 420 nm, and that when the Tb(III) ion is added to the nano-Ag, the absorption has a blue shift to 400 nm compared with separate nano-Ag. According to the theory of RLS, 9, 11, 31 in the nano-Ag-Tb(III) system, the RLS peak centered at 420 nm is ascribed to the absorption band in the range of 350 -450 nm (Fig. 3) . When DNA is added to the system, the absorptions at 261 nm and 400 nm are larger than that of nanoAg-Tb(III) and ctDNA, respectively. Moreover, the absorption site at 418 nm has a slight red shift compared with the peak at 400 nm of the nano-Ag-Tb(III) system. It can be inferred that because a strong interaction exists among them, the RLS intensity is enhanced. Optimization of the general procedure Influence of the pH and buffers. The influence of the pH on the enhanced intensity of RLS is shown in Fig. 4 . It can be seen that the maximum ∆IRLS reaches pH 6.4. Hence, pH 6.4 was selected for further experiments. Different kinds of buffers were tested while keeping the pH at 6.4: KH2PO4-NaOH, KH2PO4-Na2HPO4, Na2HPO4-H3C6H5O7, Na3C6H5O7-HCl. The results indicated that 1.0 ml of sodium citrate-HCl at pH 6.4 was appropriate for the system.
Effect of the concentration of nanoparticles.
From the experiments, it could be inferred that not only the size, but also the concentration of nanoparticles (namely the numbers of particles in the unit volume) can affect the RLS intensity of the system. Fixing the size of nano-Ag mentioned above, Fig. 5 shows the effect of the concentration on the intensity of RLS. It was found that at a definite size, the final concentration of particles was 1.0 × 10 -5 mol l -1 .
Under the selected concentrations, the maximum ∆IRLS was given. Thus, in this work, a concentration 1.0 × 10 -5 mol l -1 of nano-Ag was chosen for further experiments.
Effect of the Tb(III) ion concentration.
From the UV-Vis absorption spectra (Fig. 3) , it can also be seen that an interaction between Tb(III) and ctDNA exists. Because the Tb(III) ion is positive, and nucleic acids are anionic bio-macromolecules, the interaction between Tb(III) and ctDNA depends mainly on the electrostatic force. 29 The effect of the Tb(III) ion concentration on the intensity of RLS was studied; the result is shown in Fig.  6 . It can be seen that ∆IRLS reaches the maximum at a concentration of 1.0 × 10 -4 mol l -1 . Therefore, 1.0 × 10 -4 mol l -1 Tb(III) ion was selected for further research.
Stability
Under the optimum conditions, experiments showed that ∆IRLS reached the maximum after all reagents were mixed together for 30 min, and the scattering intensity was stable for at least 2 h. Thus 30 min was set as the standard for all RLS measurements.
Tolerance of foreign substances
The influence of coexisting substances, such as proteins, amino acids, and metal ions, was tested. The results are presented in Table 1 . It was found that these foreign substances had little effect on the determination of nucleic acids under the permission of a 5% error, except for hemoglobin, myoglobin and vitamin B1.
Calibration and detection limit
Calibration graphs for ctDNA, fsDNA and yRNA were constructed under the optimum conditions according to the assay procedures. All of the parameters are summarized in Table 2 . The detection limits for nucleic acids, calculated from the standard deviation of the blank (the reagent blank without nucleic acids, n = 20) (3σ), 32 were 1.4 ng ml -1 for ctDNA, 1.2 ng ml -1 for fsDNA, and 0.85 ng ml -1 for yRNA, respectively. It can be seen that the determination limit of the RLS method for different nucleic acids has the following sequence: ctDNA > fsDNA > yRNA. A comparison between this probe and other common probes for nucleic acids is summed up in Table 3 . The sensitivity of this method is higher than that of most other methods.
Analysis of samples
The present method was applied to the determination of nucleic acids, including synthetic and real samples. Synthetic samples, prepared based on the interference of foreign substances (Table 1) , were analyzed by the standard-addition method. 38 As Table 4 shows, the obtained results are satisfactory. Real samples of RNA mentioned above were 777 ANALYTICAL SCIENCES MAY 2006, VOL. 22 determined by this method (Table 5) . Compared with the result of the UV-Vis method, the results showed that the method is effective.
Conclusions
Using a common spectrofluorometer, a new method for the determination of trace amounts of nucleic acids was proposed. Nano-Ag was firstly introduced to a system of Tb(III)-nucleic acids, but only at a definite size, and in a limited particle concentration region. From the experiments, it can be seen that in the system of Tb(III)-nucleic acids, the RLS intensity was so weak that it was unable to determine the nucleic acids. Along with adding silver nanoparticles to the Tb(III)-nucleic acid system, the sensitivity is much higher than that of the nonanoparticles system. Apart from the high sensitivity, its other advantages include little interference of foreign substances, a wide linear range and simple operation. Therefore, this method will become a valuable tool for studying the biological properties of nucleic acids. 
